Tilting of helix I and ligand-induced changes in the lactose permease determined by site-directed chemical cross-linking in situ.
The N-terminal six transmenbrane helices (N6) and the C-terminal six transmembrane helices (C6) of lactose permease, each with a single Cys residue, were co-expressed, and cross-linking was studied. The proximity of paired Cys residues in helices I (positions 11, 14, 15, 18, 25, 28, 29, or 32) and VII (positions 227, 231, 232, 234, 235, 238, 239, 241, 242, 245, or 246) was studied by using homobifunctional thiol-specific chemical linkers of different lengths and chemical properties. The results demonstrate that Cys residues on one face of the periplasmic half of helix I (positions 32, 29, 28, or 25) cross-link to Cys residues on one face of the periplasmic half of helix VII (242 or 245). In contrast, no cross-linking is evident with paired Cys residues in the cytoplasmic halves of helices I (positions 11, 14, 15, or 18) and VII (positions 227, 230, 231, 232, 234, 235, 238, or 239). The results indicate that helices I and VII are in close proximity only at their periplasmic halves. Ligand binding decreases cross-linking efficiency of the Cys pair 28/245 or 25/242 with N, N'-o-phenylenedimaleimide (rigid 6 A) and increases efficiency with N,N'-p-phenylenedimaleimide (rigid 10 A) or 1,6-bismaleimidohexane (flexible 16 A), indicating that the inter-thiol distance is about 6 A in the absence of ligand and that ligand binding increases the distance up to 10 A. The inter-thiol distance for Cys pairs 29/245 or 32/245 is less than 6 A in the absence of ligand, and in the presence of ligand, distance increases to between 6 and 10 A. Taken together, the results indicate that ligand binding induces a translational or scissors-like rigid body movement of helix I and/or VII at the periplasmic interface between the helices.